Introduction
Electronic fetal monitoring is now an accepted part of the management of labor and pregnancy [8] . However, the interpretation of the data produced by the electronic fetal monitor (EFM) still presents problems to the user. While differing levels of staff expertise may contribute to these difficulties the differences in signal processing and display between various models of EFM further complicates the interpretation of the trace. The latest generation of EFM all use microprocessors to perform the signal processing and a few use solid-state printers to produce the fetal heart rate (FHR) and uterine activity trace. In some instruments this has led to a real advance in the quality of the FHR data produced (particularly the ultrasound detection of fetal heart movements) while in others any improvement in the FHR trace is purely illusory.
Factors affecting the FHR trace
The FHR variability is the fluctuation in the baseline heart rate over a period of 15 to 20 minutes. The component part of the variability is the beat to beat variation. The cumulative effect of small changes in FHR from one beat to the next is to form oscillations in the baseline FHR. These oscillations have an amplitude of 5 to 15 beat per minute (bpm) and it is the presence or absence of these which is one of the indicators used by the clinician to interpret the FHR trace [9] . The clinical importance of the beat to beat changes in the human fetus is at present unclear. The value of the mean absolute beat to beat variation is between 2 to 3 ms [4] and 12 -20% of the interval differences are less than 1 ms [10] . Accurate measurement of human FHR variation therefore requires a precision of at least + 1 ms [4, 10, 11] . However, the scale and speed sensitivities of EFM (20 or 30 bpm/cm and 1, 2 or 3 cm/min respectively) do not allow these small individual beat to beat changes to be resolved.
A number of factors will affect the accuracy and resolution of the FHR trace produced by the EFM. The major factors are: 1) Signal detection and rejection of noise 2) processing the detected signal 3) display of the derived FHR data.
Signal detection and rejection of noise
The signal used to derive the FHR is usually obtained by either an electrode attached to the fetal presenting part (FECG) or the detection of fetal heart movements with doppler ultrasound. In modern EFM the determination of FHR is different for each of these modes. on the accuracy of FHR determination. The frequency distribution of the ratio of the peak to peak amplitudes of the signal to noise is approximately lognormal with a geometric mean of 17%. The upper and lower limits of the range are 8% and 39% respectively [2] . The standard deviation of triggering errors caused by noise are shown in figure 1 for a number of EFM. It can be seen that as the noise increases the error also increases. The number of missing data is also related to the noise levels and at the upper limit may result in over 50% of the FECG being undetected. When there is no noise present all the EFM detected the R-wave with an precision of less than 0.5 ms. However, as the noise level increases, there were large differences between EFM. In some instruments the errors caused by the noise alone may be of the same order of magnitude as the true physiological variation of FHR and a FHR trace with reduced variability could be misinterpreted as being normal.
FHR determination from doppler ultrasound:
The slow risetime and flat peak of the ultrasound signal, in early EFM, gave rise to large errors in the FHR. The appearance of the FHR trace in these instruments was improved by averaging the FHR. However, with the introduction of microprocessors into EFM it has become possible to use complex signal processing techniques to derive the FHR from the doppler signal. All modern EFM use autocorrelation techniques to derive the heart interval. The technique has the advantage that a more accurate estimation of the FHR and a reduction in the amount of missing data can be made from the autocorrelation function than from the actual doppler waveform. However, there are a number of shortcoming of which the user should be aware.
a) There is an underestimation of the beat to beat variation and consequently reduced variability [7] . b) It is much easier inadvertently to monitor the heart rate of the woman instead of the fetus [1, 5] . c) Half or double the actual FHR may be output [1] . These artefacts may be obvious when there is a large step change in FHR but in cases where the maternal and fetal heart rates are similar, for example, during salbutamol infusion, the user may be misled by the trace produced.
Processing and display of the derived FHR data
The resolution with which the EFM is able to display the changes in FHR on the chart recorder will affect the clinicians ability to interpret the data. The resolution of the FHR trace is dependent on two main factors; the chart recorder resolution and the signal processing.
To enable the data to be processed by the microprocessor the input signal must be digitized. A resolution of ± 1% of the FHR is required for adequate interpretation of the trace [6] . Nine bit digitization is therefore required if the 1% resolution is to be maintained. Most EFM digitize the data to eight bit accuracy which results in a FHR resolution of + 0.82 bpm (30 -240 bpiii scale sensitivity). Further degradation occurs in the majority of instruments because the FHR is calculated to the nearest integer, resulting in an accuracy of + 1 bpm. In some EFM the resolution of the FHR trace decreases as the FHR increases. Figure 3) ; b) resolution of + 1.6 bpm (EFM 4, Figure 3) ; c) resolution of ± 2.5 bpm.
Conclusions
Noise on the FECG signal in some EFM can produce artefactual FHR variability of the same magnitude as the true physiological variability. Noise can be minimized by correct electrode placement and reassurance of the woman to reduce maternal movements. The use of microprocessors in EFM has in some cases produced a real improvement in the FHR trace and reduced the amount of missing data. While in other EFM the quality of the FHR trace has declined because of the use of unsuitable printers, imprecise signal processing and lack of resolution. This is most evident in the range of cheap antenatal EFM aimed at the General Practitioner market.
Manufacturers tend to keep their signal processing techniques confidential for commercial reasons which makes it difficult for the user to validate the results produced by an EFM. Many of the cheaper EFM have no output signals other than the FHR trace thereby making it impossible to validate their processing other than by eye.
To aid the user to determine the best EFM for their particular application the UK Departments of Health (DHSS) has an evaluation programme for EFM [3] . Comparative reports are published in Health Equipment Information [6] and can be obtained from the DHSS.
Summary
Changes in the technologies used in the latest generation of electronic fetal monitors has resulted generally in an improvement in the quality of the FHR data produced. However, in a number of instruments the use of inappropriate printers and signal processing has led to a degradation in the FHR trace. This may result in difficulties in interpretation of the data thereby putting the compromised fetus at risk. This paper discusses 1. the factors which affect the interpretation of the data, such as signal detection and rejection of noise, 2. errors due to the signal processing and rate determination, and 3. the effect of the chart recorder on the presentation of the data. Finally information is given about the UK Departments of Health evaluation programme for electronic fetal monitors (cardiotocographs).
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